ABSTRACT To effectively mitigate interference and improve the performance, we propose a groupingbased two-stage distributed interference alignment (GTDIA) scheme for a two-layered heterogeneous network (HetNet) in multi-user multiple-input-multiple-output (MIMO) Gaussian downlink transmission scenario. In this paper, we first extend the grouping-based interference alignment (GIA) scheme, which is suitable in single-layer multi-cell scenario to a two-layered HetNet. Then, in order to improve the system performance and reduce the computational complexity, we propose a new interference alignment (IA) scheme (i.e., GTDIA) by grouping pico users (PUEs) to align inter-layer interference (inter-layer IF) and design the receive beamforming matrices of PUEs. Since the macro users (MUEs) are located randomly under the coverage of macro base station, the inter-layer IF is between some pico base stations and MUEs. Specifically, two-stage (i.e., a composite of two cascade matrices) transmit beamforming matrices of base stations are designed to cancel both of the inter-layer and intra-layer interference among MUEs. Furthermore, because of the reciprocity of time-division duplex system, a distributed algorithm is used when designing the second stage transmit beamforming matrices. Analysis and simulation results demonstrate that the proposed scheme outperforms the extended GIA and other conventional IA schemes. Interference alignment, grouping, MIMO, downlink, heterogeneous network, multi-user. 
I. INTRODUCTION
In order to achieve the challenge of 1000× mobile data rate and high system capacity in the fifth generation (5G) mobile cellular networks, the ultra-dense deployments of pico cells based on massive multiple-input multiple-output (MIMO) are thought to be a promising technology [1] , [2] . However, with the dense deployments of pico cells in the heterogeneous cellular network, the inter-cell and inter-user interference will be more serious and complex [3] .
The interference directly affects the Quality of Transmission (QoT) and system capacity. Therefore, studies on methods of mitigating interference have caught intensive attentions, especially when network structure becomes more and more complex. In [4] , an optimal scheme using pointto-point Gaussian codebooks at each transmitter and treating interference as noise (TIN) was proposed, but it is effective only for weak interference. When interference is comparable to the desired signal, interference alignment (IA) can suppress interference by aligning the interfering signals into a subspace which is orthogonal to the desired signal subspace at each receiver [5] . Authors of [6] showed that through IA, the K -user time-varying interference channel could achieve K /2 degrees of freedom. There are some works to implement IA through iterative processes [7] - [10] . References [7] and [8] used IA to optimize the throughput of the network, but they have higher computational complexity, especially when extended to a MIMO interference channel scenario. Authors of [9] proved that IA could also be used in cellular network and presented a subspace IA for the cellular uplink scenario. However, the scheme in [9] needed the global channelstate-information (CSI) to be exchanged among cells. Different from [9] and [10] developed an IA scheme for a downlink cellular system, which only needs feedback within a cell and could increase the throughput. For multi-cell MIMO interference channels, using iterative IA solu-tions is not appropriate because of high computational complexity and sensitivity to initial conditions, etc.
Hence, many non-iterative IA schemes have been proposed [11] - [15] . Authors of [11] considered conditions for the antenna configuration through IA to attain the total degree of freedom (DoF). A closed-form IA scheme without iteration named grouping-based IA (GIA) derived in [12] was used in two-cell MIMO interfering broadcast channels (MIMO-IFBC) to reduce the computational complexity and the need for exchanging CSI. Then, it was extended to a multi-cell scenario, and the feasible conditions as well as the computational complexity were analyzed in [13] . Furthermore, three IA-Cell assignment algorithms with different backhaul overhead were introduced in [14] based on an improved version of GIA scheme in [13] . In [15] , authors set the antenna number of base station equals to that of users and exploited the special structure of a square channel matrix to investigate IA based on generalized eigenvalue decomposition (GEVD). With this method the dimension of subspace occupied by the inter-cell interference (ICI) is efficiently reduced.
However, the non-iterative algorithms above may not achieve the expected performance or even not applicable in the Hetnet, since these schemes did not consider the influence of inter-layer IF. Therefore, some other IA schemes for HetNet are further proposed to mitigate both intra-layer and inter-layer IF.
For multi-user two-layered MIMO HetNet, there are three kinds of interference i.e. inter-layer IF, intra-layer inter-cell interference (intra-layer ICI) and intra-layer inter-user interference (intra-layer IUI) [16] - [27] . In [16] , IA and distributed approaches were used to eliminate the inter-layer and intralayer interference separately. Furthermore, two kinds of fairness algorithms were adopted to improve the transmission rate of PUEs. For the case of several self-organizing small cells serving one user in a HetNet, [17] dealt with the interference through a cognitive IA (CIA) scheme and improved the spectral efficiency of the network. Some other methods are also used to decrease the complexity of HetNet and increase the system sum rate, such as alignment direction selection [18] and stream selection [19] , [20] . [21] and [22] presented the ideas of realizing IA in steps. In [21] , authors focused on the partial connectivity structure of the MIMO downlink scenario in HetNet, based on which, a two-stage IA scheme was proposed to increase the DoF of the network. By jointly considering the gain brought by IA and virtualization, [22] introduced a two-step IA algorithm in Virtualized Heterogeneous Cellular Networks based on discrete stochastic approximation (DSA). In [23] , authors aimed at aligning the interference caused by PBSs and proposed a macro cell protection IA (MCP-IA) scheme, through which the additional array gain and diversity gain are obtained. In [24] and [25] , authors studied IA schemes based on clustering pico cells to suppress the intra-layer interference among users in the same cluster. References [26] and [27] focused on eliminating the inter-layer IF while the intra-layer interference was not effectively mitigated.
Above all, we can find that the heterogeneity was not exactly reflected in the previous works on HetNet. Since the system structure is symmetric, each PBS and MBS serves one user and the interference caused by them is similar to that in homogeneous network. However, in reality, the BS usually serves more than one user and the number of users served by MBS and PBS is different. Besides, the distributed methods are not practical in HetNet due to the high computational complexity. To solve these problems, we firstly extend the single-layer network GIA scheme in [13] to the two-layered HetNet to mitigate the intra-layer interference among pico cells. Then we design the two-stage cascade beamforming matrices to remove the inter-layer IF caused by BSs (both MBS and PBSs) and the intra-layer interference among MUEs. However, the extended GIA needs a large number of antenna configurations at MBS when mitigating the inter-layer IF from MBS to PUEs. This motivated the proposal of a new IA approach for multi-user HetNet to eliminate both inter-layer and intra-layer interference as well as to improve the antenna utilization and sum rate performance.
In this paper, we propose a grouping-based two-stage distributed interference alignment scheme for multi-user MIMO-IFBC in the HetNet. Due to the small coverage of PBSs and the random positions of MUEs, we assume that not all MUEs are affected by PBSs (i.e. some will be affected by the surrounding PBSs). Specifically, two IA schemes by grouping PUEs in different ways are proposed which also improve the antenna utilization. We align inter-layer IF between MBS and PUEs at first, since this interference is stronger owing to the high power of MBS. Distributed method is used to eliminate the intra-layer IF among MUEs. Furthermore, the computational complexity has decreased by using the proposed schemes.
The rest of the paper is organized as follows. The system model is presented in Section II. In Section III, we extend the GIA scheme in [13] to the HetNet downlink scenario. Meanwhile, the number of antennas configured at MBS is analyzed. To further improve the antenna utilization and system throughput, an algorithm is introduced in Section IV. The performance of the proposed IA schemes is evaluated in Section V. Finally, Section VI gives the conclusion of this paper.
Notations: Uppercase in bold such as A stands for matrix and bold lowercase such as a denotes vector. Italics such as a and A are scalars and calligraphic letters such as A denotes set. I M denotes an M × M identity matrix. rank(A) denotes the rank of the matrix A. span(A) and null(A) represent the space spanned by the column vectors and null space of matrix A. (A) −1 and (A) H denote the matrix inversion and the matrix conjugate transpose respectively.
II. SYSTEM MODEL
Our downlink scenario is illustrated in Fig.1 , which contains L = L 1 + L 2 pico cells within the coverage of one macro cell. There are K PUEs served in each pico cell and K 0 = K 1 +K 2 MUEs in macro cell. To improve the transmission rate, both MBS and PBSs share the same spectrum and the coverage area of pico cells overlap with each other. The three kinds of interference (i.e. the inter-layer IF, the intra-layer ICI and IUI) in the HetNet are denoted as the dash line in different colors shown in Fig.1 . It is important to note that K 1 MUEs are outside the coverage of pico cells and are close to the MBS, which means the inter-layer ICI caused by PBSs is much weaker than the intra-layer IUI among MUEs.
The transmission links of both desired and interference signals are shown in Fig.2 . For simplicity, each BS serves only two users in simulation. Meanwhile, it should be noted that all the transmitters and receivers in the system have perfect channel state information (CSI). To mitigate the interlayer IF caused by MBS, we divide the network into L + 1 parts. Each part consists of the BS (MBS, PBS) and its users.
As shown in Fig.2 , all the PUEs, MUEs and BSs (including MBS and PBSs) in the system are denoted by 
, and the set of MUEs interfered by these PBSs can be expressed as
The MBS and PBS are equipped with M 0 and M antennas, while both of the MUE and PUE are equipped with N antennas. The i-th user in the l-th cell is denoted as UE [i, l] . Each BS tries to send N s data streams to each of its user, where
Hence, the signal sent to UE[i, l] can be expressed as:
where s
is the j-th data stream of UE[k, l] with an aver- 
and its corresponding data signal vector is denoted as s [ 
For UE [i, l] , the received signal can be expressed as:
where
channel matrix generated with independently and identically distributed (i.i.d.) random variables according to CN ∼(0, 1) from BS l to UE [i, l] . n [i,l] is the N × 1 additive white Gaussian noise vector with variance σ 2 per entry at UE[i, l]. We assume that each channel is quasi-stationary and frequency flat fading. The desired signal received by UE[i, l] can be decoded by multiplying the received signal by a receive beamforming matrix. Hence, the signal at UE[i, l] after decoding is:
] denotes the N × N s receive beamforming matrix, and n [i,l] denotes the effective noise vector for UE [i, l] which is distributed according to CN ∼(0, 1). The achievable rate for UE [i, l] can be written as (4) at the top of next page,where
) is the power allocation matrix. Moreover, as in [12] and [13] , we define the total degrees of freedom (DoF) in the two-layered HetNet as:
where R (SNR) = l∈L i∈K∪K 0 R [i.l] (SNR) denotes the sum rate at SNR and d [i,l] is the number of data streams to UE [i, l] . For effective receiving, the desired signal should be linearly independent from the interference. According to Fig.2 , the following conditions should be met:
where condition (6a) guarantees the mitigation of intra-layer IUI among users (including MUEs and PUEs). Condition (6b) enables to protect all PUEs from the intra-layer ICI among pico cells. Moreover, the condition (6c) and (6d) assure that both MUEs and PUEs are able to mitigate the inter-layer IF. The last condition (6e) guarantees the transmission of N s data streams, which is linearly independent from the interference subspace.
In the next section, the GIA scheme proposed in [13] is extended to the HetNet to eliminate the intra-layer interference among pico cells. Then, the two-stage transmit beamforming matrix at MBS is designed to mitigate the interlayer IF and intra-layer interference among MUEs. Besides, the system antenna configurations are analyzed. 
III. THE EXTENDED GIA SCHEME IN HETEROGENEOUS NETWORK
When extended to HetNet, the GIA scheme is only used to mitigate the intra-layer ICI among pico cells. According to [13] , to design the transmit and receive beamforming matrices by GIA scheme, each PBS needs to align its intralayer ICI to a specified pico cell. Taking 3 pico-cell as an example, the scenario is shown in Fig.3 .
According to Fig.3 , it should be noted that when the number of MUEs is the same as that of PUEs in each cell and the network is full-connected, the MBS can be treated as a special PBS and GIA in [13] can be directly applied. However, in the system configuration of this paper, the conditions are relaxed (e.g. the number of MUEs is not equal to that of PUEs, the network is not full-connected, etc.) to approach practical scenario and the GIA is inadequate to mitigate all the interference in the network. Hence, the GIA in [13] is just applied among pico cells and the interlayer IF is eliminated by designing the transmit beamforming matrix of MBS, which can be obtained from (8) .
By using the GIA scheme among pico cells, the receive beamforming matrix U [i,l] , ∀i ∈ K, l ∈ L for each PUE [i, l] and the transmit beamforming matrix
at each PBS can be obtained. In addition, the minimum number of transmit and receive antennas M and N is [ [13] . It is noteworthy that for the special case of treating MBS as a special PBS (i.e. the number of MUEs is equal to that of PUEs in each cell and the network is fully connected), the GIA can be directly used in the scenario and according to [13] , the minimum number of transmit antennas M at PBS should be (KL+1)N s . However, in this paper, we focus on the relaxed scenario in which this scheme is only applied to align and eliminate the intra-layer ICI among pico cells.
To mitigate the inter-layer IF caused by MBS, we need to design the transmit beamforming matrix V [i,0] , ∀i ∈ K 0 at MBS. It should also be effective on suppressing the intralayer IUI among MUEs. Hence, it can be designed as a composite of two cascade matrices denoted as:
where V 0 is the first stage transmit beamforming matrix to mitigate the inter-layer IF between MBS and PUEs, and V [i,0] is the second stage transmit matrix with the size of N s × N s to suppress the intra-layer IUI among MUEs. For the extended GIA scheme, the first stage cascade matrix should be orthogonal to the subspace spanned by the inter-layer IF channels, which can be expressed as:
In order to assure the existence of V 0 , the formula above should meet the condition that the combined matrix should have at least N s dimensional null space:
Hence, we obtained the minimum number of antennas at MBS as (KL + 1)N s . To suppress the intra-layer interference among MUEs, a distributed method proposed in [7] is adopted to design the second stage transmit beamforming matrix at MBS and the receive beamforming matrix of MUE. Details are described in step 2 of Section IV.
IV. THE PROPOSED GROUPING-BASED TWO-STAGE DISTRIBUTED IA SCHEME
The extended GIA scheme in section III can effectively eliminate the interference by aligning intra-layer ICI among pico cells. However, when eliminating the stronger interlayer IF, it should be noted that the extended GIA scheme needs a large number of antenna configurations at MBS due to the perfect interference mitigation between MBS and PUEs.
Therefore, we try to group PUEs in different ways and use IA to eliminate the stronger inter-layer IF and improve the utilization of antennas at MBS.
A. STEP 1 (GROUPING USERS IN PICO CELLS AND MITIGATING THE INTER-LAYER IF) 1) GROUPING ALL THE PUEs INTO THE SAME SET (GTDIA_S)
Similar to the extended GIA scheme in section III, in the proposed IA scheme GTDIA_S, we gather all the PUEs in the same macro cell as one group to align the inter-layer IF between MBS and PUEs into the same subspace as shown in Fig.4 . which can be expressed as:
where G 0 denotes the subspace spanned by the aligned interlayer IF channels from MBS to all the PUEs. The equation above can be solved as bellow:
From above equation, we find that the size of matrix M 0 is KLM 0 × (KLN + M 0 ), and to guarantee the transmission of N s desired data streams, the following condition should be satisfied:
Since all the inter-layer IF is aligned into the same subspace, MBS can treat the inter-layer IF to all the PUEs as a N s -dimensional subspace spanned by inter-layer IF matrices as shown in (10) . Hence, the first stage transmit beamforming matrix can be obtained from:
In order to assure the existence of V 0 , the formula above should satisfy:
This condition illustrates that the required minimum number of antennas at MBS is 2N s . By comparing with the minimum number (KL + 1)N s obtained from the extended GIA scheme, we can see that in the GTDIA_S scheme, MBS has a higher antenna utilization to achieve the same system DoF. However, it should be noted that the achievable sum rate of the system dropped with the decrease of antennas configured at MBS (details are shown in section V). To solve this problem, we properly increase the antenna number of MBS by optimizing the grouping method.
2) GROUPING PUEs INTO L SETS (GTDIA_L)
To further improve the system performance (i.e. the achievable sum rate), we group PUEs in each pico cell as a set, i.e. all the PUEs in the same macro cell are divided into L groups as illustrated in Fig.5 . Taking users in pico cell 1 as an example, the users (UE[k, 1], ∀k ∈ K) are grouped together to design the receive beamforming matrix U [k,1] such that the inter-layer IF from MBS to users in pico cell 1 can be aligned to the same subspace, which means:
where G 1 denotes the subspace spanned by the aligned effective interference channels from MBS to UE[k, 1].
FIGURE 5. Group PUEs into L sets and align the inter-layer ICI.
As in [12] and [13] , the equation above can be solved as:
. . .
Considering the size of matrix is KM 0 × (M 0 + KN ), the condition for existing N s dimensional null space should follow:
Similar to (15) and (16) align inter-layer IF caused by MBS can be written as:
∀l ∈ L, l = 1, 0. (18) As a result, all the PUEs are grouped into L sets and each PUE obtains the corresponding receive beamforming matrix. Next, we need to design the first stage transmit matrix of MBS to eliminate inter-layer IF. When PUEs are divided into L groups, the inter-layer IF is aligned into L different subspaces, V 0 can be obtained by:
As same as (13), the condition of (19) should be met:
Thus, the minimum antenna number of MBS is (L + 1)N s . Compared with the 2N s obtained from the GTDIA_S scheme, the number of antennas configured at MBS increases but is still less than (KL + 1)N s . The system achievable sum rate has a significant increase since larger number of antennas provide larger signal space (details are shown in section V) to accommodate both desired and interference signals.
As similar as designing the transmit beamforming matrix at MBS, to mitigate both of the inter-layer IF caused by PBSs and intra-layer IUI among MUEs, the receive beamforming matrix for the K 2 MUEs can be designed as:
where U 
From above, the number of antennas configured at each user is restricted as follow: 
According to the above requirement, the first K − 1 items denote the intra-layer IUI and the K (L −1) items behind stand for the intra-layer ICI among pico cells. To receive the N s data streams of desired signals, the size of intra-layer interference matrix mentioned in (24) should satisfy: (25) Up to now, the intra-layer ICI and IUI among pico cells and the inter-layer IF between two layers are mitigated. The antenna configurations of each scheme are listed in Table 1 . Then we need to design the second stage transmit beamforming matrix of MBS pointing to MUE[i, 0] and receive beamforming matrices for MUEs to suppress the intra-layer IUI among MUEs.
For the downlink MIMO scenario with multiple users in a cell, we cannot obtain the determinate beamforming matrix directly. However, in the time-division duplex (TDD) system, the two-way communications work on the same frequency but different time slots, both downlink and uplink channels have the same propagation properties, i.e. the two transmission channels are reciprocal. Therefore, an iterative computation distributed method is adopted in the design.
There are two classical distributed methods with different goals i.e. minimize the leakage interference (min-LIF) and maximize the signal to interference and noise ratio (max-SINR) [7] . The min-LIF algorithm aims at constructing an interference-free subspace through iterative operation by minimizing the leakage interference based on Singular Value Decomposition (SVD). However, since it does not consider maximizing the transmit power of desired signal in its subspace to improve the sum rate gain of system, we adopt max-SINR scheme in this paper to design the beamforming matrices in the macro layer network.
Since the first stage beamforming matrices V 0 and U [i,0] 0 , ∀i ∈ K 2 that guarantee the transmission free from the inter-layer IF are obtained, it can be used to construct the equivalent virtual channel matrix. However, it should be noted that not all of the MUEs are interfered by PBSs.
For MUEs suffering from different kinds of interference, the equivalent virtual channels can be constructed as:
through which the links between MBS and MUEs are simplified since the N × M matrix is mapped as N × N s channel matrices. Based on this, the distributed method (i.e. max-SINR) is used to design the second stage transmit beamforming matrix of MBS and the receive beamforming matrix of each MUE. For MUE[i, 0], the SINR is defined as (27) at the bottom of this page, where
+ σ 2 I denotes the equivalent interference and noise covariance matrix.
To maximize the SINR at MUE[i, 0], it can be denoted as:
Hence, the receive beamforming matrix for MUE[i, 0], ∀i ∈ K 1 can be obtained from:
and the second stage receive beamforming matrix at MUE[i, 0], ∀i ∈ K 2 is:
According to the reciprocity of TDD network, the receive beamforming matrix U [i,0] in the original network can be seen as the second stage transmit beamforming matrix ← − V [i,0] in the reciprocal network, and so are to V [i,0] and ← − U [i,0] , which can be expressed as: The receive beamforming matrix in the reciprocal network is:
So far, we have obtained the receive beamforming matrix of MUE[i, 0], ∀i ∈ K 1 (the second stage receive beamforming matrix of MUE[i, 0], ∀i ∈ K 2 ) and the second stage transmit beamforming matrix of MBS. The overall transmit and receive beamforming matrix can be obtained through (7) and (21) . The detailed procedures of complete proposed GTDIA schemes are summarized in Table 2 .
V. ANALYSIS AND SIMULATION RESULTS

A. SIMULATION CONFIGURATIONS
In this section, we evaluate the performance of the proposed two-stage distributed IA schemes with PUEs grouped by different methods (i.e. GTDIA_S and GTDIA_L). For simplicity, we use Additive White Gaussian Noise (AWGN) channel and assume that each BS transmits only 1 data stream to each user. The noise variance at each user is set to unity. The transmission power of the MBS and PBSs vary from 0dBm to 43dBm and 0dBm to 30dBm respectively. The system is configured with 1, 1, 1) , where K and K 0 denote the users served by each PBS and MBS. L 1 is the number of PBS interfering with MUEs while L 2 is
(27) VOLUME 6, 2018 FIGURE 6. Achievable sum rate comparison between the proposed schemes (i.e. extended GIA, GTDIA_S and GTDIA_L) and conventional IA schemes.
the number of PBS having no interference on them. Among these three schemes, the extended GIA requires the largest antenna configurations with (M 0 , M , N ) = (5; 3; 3), whereas the GTDIA_S and GTDIA_L need (M 0 , M , N ) = (2; 4; 3) and (M 0 , M , N ) = (3; 4; 3) antennas respectively. A change in the number of users or the cell configuration in the system brings a corresponding change in the antenna number. The specific configuration of antennas can be obtained through Table 1 . The simulation results are computed under 1000 channel instances.
B. SIMULATION RESULTS
The performance of the proposed IA schemes under different system configurations are compared. Specifically, these two GTDIA schemes are compared with the max_SINR based on iterative IA scheme in [7] and the GIA scheme extended from [13] (i.e. extended GIA scheme) in terms of the achievable sum rate. Then, we evaluate the performance of the proposed IA schemes when the number of influenced users and PBSs in the system are scaled. Finally, the influence of varied PUE numbers on the system performance is evaluated. In Fig.6 , we compare the performance of the proposed GTDIA schemes with different IA schemes in terms of achievable sum rate. As can be seen from the picture, the proposed extended GIA and GTDIA schemes outperform the conventional IA schemes. The pure max_SINR scheme based on iterative computation achieves the lowest sum rate performance with more kinds of interference than that in singlelayer network. Specifically, the performance of extended GIA is better than GTDIA_S. The reason is that GTDIA_S offers smaller signal subspace than extended GIA due to its less number of antenna configurations. By changing the grouping method and increasing antennas number, the GTDIA_L scheme achieves a little higher gain over the extended GIA scheme in achievable sum rate at high SNR. However, it is noteworthy that the antenna configuration as well as the computational complexity of GTDIA_L are still lower than other IA schemes. Fig.7 shows the change of achievable sum rate versus whether the MUE is interfered or not by PBSs with N s = 1. It can be obviously seen that for each IA scheme proposed in this paper, the achievable sum rate will increase when the MUE is not influenced by PBS. Furthermore,with the decreasing number of MUEs interfered by PBSs, taking SBR=20dB as an example, the extended GIA, GTDIA_S and GTDIA_L obtains almost 8.3%, 11.4% and 4.2% sum rate gain separately, which means that the GTDIA_S will be more easily influenced by the inter-layer IF and the GTDIA_L outperforms the other two schemes on handling the interlayer IF.
In Fig.8 , the achievable sum rate with different PUE configuration are given. This figure illustrates that the achievable sum rate increases with PUE number. That is because the number of antennas configured at PBS changes with the increase of PUEs to provide more spanned subspace for desired signals among pico cells. Let us still take SNR=20dB as an example, the extended GIA achieves 31.7% gain with 5 antennas at MBS, while the GTDIA_S and GTDIA_L achieve 4.9% and 23.2% gain through 2 and 3 antennas configured at MBS. Hence, it can be concluded that performance of the extended GIA scheme outperforms GTDIA_S and GTDIA_L since the antennas configured at MBS are increased to mitigate the inter-layer IF.
The achievable sum rate versus SNR with different pico cells which generates interference at MUE is depicted in Fig.9 . As can be seen from the figure, the sum rate decreases with the increase of the number of pico cells since the interference received by MUE increased. Through the numerical results above, the GTDIA_L obtains the minimum sum rate loss 4.42% (the sum rate loss of extended GIA and GTDIA_S is 5.54% and 6.90%,respectively) and still achieves the highest sum rate performance compared with the other two schemes, eventhough the inter-layer IF caused by PBSs increased.
C. DISCUSSIONS
The improvements of the proposed IA schemes with respect to the extended GIA scheme are in two aspects.
• Higher utilization of antennas: All the users in this paper are restricted to configured with the same number of antennas. For MBS among these three schemes, the extended GIA requires the largest antenna configuration (M 0 = 5) and its achievable sum rate is higher than GTDIA_S, but the GTDIA_S needs the least antenna configuration (M 0 = 2). The GTDIA_L scheme has the best performance in achievable sum rate with a moderate antenna configurations M 0 = 3. Furthermore, according to Fig.7 , the GTDIA_L achieve the highest average antenna rate gain of 7.7% (extended GIA 2.45% and GTDIA_S 6.3%), which means the GTDIA_L scheme has a higher antenna utilization of MBS than the other two IA schemes.
• Lower computational complexity: The complexity of both extended GIA and GTDIA schemes depend on the single-value decomposition (SVD) of (11) in [13] , (11), (16) and (19) . For each IA scheme, the number of arithmetic operations is 2O
When N s = 1, the computational complexity for each scheme is 2O(2592) + O(640), O(7168) + O(16) and 2O(2592) + O(96) respectively. It means that the GTDIA_S has the highest computational complexity even though its required antenna number is the least. And the GTDIA_L has the lowest computational complexity with a moderate need of antenna configurations.
VI. CONCLUSION
In this paper, for downlink scenario of two-layered multiuser MIMO HetNet, we firstly extended the GIA scheme in [13] and [15] to HetNet, through which the intra-layered interference among pico users is mitigated. In order to improve the antenna utilization of MBS and the achievable sum rate performance of the system, we proposed two IA schemes (i.e. GTDIA_S and GTDIA_L) by grouping PUEs in different ways. We combined MBS and PUEs to align the inter-layer IF caused by MBS and designed receive beamforming matrices for PUEs. Meanwhile, we designed first stage beamforming matrices to suppress the inter-layer IF between PBSs and MUEs. Furthermore, to eliminate the intra-layer interference among MUEs, we used distributed method to design the second stage beamforming matrix for both MBS and MUEs. Finally, the numerical results under different IA schemes show that the proposed IA schemes outperform the extended GIA scheme in sum rate, antenna utilization and computational complexity, etc. In the future, we are going to study the performances of these schemes when extended to FDD system. 
